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SQKMAEY 

Enook-llmlt data irero recorded for a current lOO-ootane- 
nvoober aviation gasoline In a full-eoale elngle-'Oyllnder test 
engine. Inlot-alr ternpe^'^itui'eQ vere the temperatures estimated 
from a consideration of the temperature Increase through an 
aircraft-engine superaharger, Lcw-spood and high-speed super- 
chargers vere considered In making these estlinates. A oarhuretor- 
mlxture- control cu3r\re vas assimed fram which. In conjunction with 
the knock-ltmlb data, estimates veio mado of these condltionB 
v.ndor which the onglne would knock with a current 100-octons fuel 
at sea level. 

The data indicate thnt the relation of the carburetor- 
mixture" control character 1. sties to the knock characteristics of 
the fuel is an impoi'tcuit factor in dotominlng knock- free opera- 
ticn. The data further Indicate that for the estimated condi- 
tions kn^ck is novo apt to occur at cruising than at take-off 
powor. It will "he nocessar:'' to provide 'a manual device for lean- 
ing the mixture to fuel-air ratios of 0a060 or leas If knock-free 
operation is to be Insiured at the other operating fuol-alr ratios. 
A method is outlined for presenting data considering the knock- 
ing chazftcteristics of tho fuel, the Inlot-air temperatures re- 
sulting from tho campression of tlie air In the supercharger, and 
the carburet cr-mlxtui'o-contTOl charaotorlstlos. 



In most singlo-cyllnder dotermlnatlops of the knock limit 
of aviation gasolines, tssts have been conducted under condi- 
tions in which tlie effect of engine speed on the heating of 
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tho Inlet air during the superdharglng process has not been 
considered; nor has consideration been gliren to the relation 
between ths knocking characteristics of the fuel and the meter- 
ing ohar^cterlstlcs of ths oarburetor. 

In the present report data vlll be discussed In which the 
Inlet-alr taaparatui-eH at three different engine speeds were 
tlie temperatures estimated frcaa a consldoratlon of the character- 
Istlcs of the supe^'chorgor (fig. 1). These data were computed 
frcii tlie ccnventlonal su^rcha/.'ffer equa"^lonB given in the ap- 
pendix; an liileb-air -lonrperature of 100° F and a suporcloarger 
adlahablc offlclenc;' of 7S percent -vottb assumed, 

Tho solid llnfl of figure 1 represents a high-speed super- 
charger giving a maximum pressure latlo of 2.35; the dashed 
line represents a low-spoed euporcharger for which the speed 
Is 0.75 times that cf tho hlgh'Spood blovor and the mf^Tlmum 
prossui-e ratio Is 1.65. Those valiies are In line with current 
supercharging practice. Tho scale of englno spood shows a 
meulm'jm value of 25C0 rpn. 

The tosts vjidor the hlgh-speod-ouporcharser conditions 
were nm with a cuireut aviation f^.sollno that had etn octane 
number of 100 by tho CFR Aviation (l-C) Method end an octane 
number cf S-l + 1.0 mllllHtor cf tcstraothyl lead by the Supers 
chai'god Knook Tost (3-0) Method (rich rating). The data under 
tho low-speod-ouperchargor conditions woro i-un with a similar 
fuol except that the rich mixture 3-C rating was not dotoimined. 
Chock points indicated tliat both fuels heid about the samo 3-C 
rating and, for tho pui-poso of this ccanpariaon, thoy can be con- 
sidered to bo the s&mo fuel, Tho tests \toto made at tho Langley 
Jfcaorial Aeronautical Laboratory of the national Advisory Commlt- 
toe for Aeronautics. 



APPARVTDS AMD imiBDTJS 

The tosts woro conducted on a Wright 1620-G-200 cylinder 
mounted on a CU?: crankcaso. Tho following conditions wore held 
conptant : 

Spark advance, do£;;rcos B.T.C., 20 



Corling-alr prccoivro drop 
acrcBS cowling, Inclies ifator 



20 
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Coollng-alr teniporature, .... 125 

^Oil-lji temperatitre, °F . 170-180 

Campi'eBBlou ratio 7.0 

Tests wore run at engine speeds of 2500, 2100, and 1700 1^.- 
TbB fuel ireiB Injected lixbo tlie Inlet manifold approxlsiately 
9 Inohes upatream tixm. ttaa Inleb valve. Injection took place 
dui'lng tho Inlet stroke. 

Under each condition a run vas made in which the relation 

botveen the fucl-alr ratio asd the mazlmim permissible Inlet 
pressure as limited by knock vas recorded. Indicated mean ef- 
fective pi'essures, Indicated specific fuel ccnsuznptlons, and 
Indicated air consinaptlons vere also determined. A flat-plate 
orifice installed accordliig to the A.S.T.M. standards vas used 
to Indicate tho rate of air flow to bhe OTiglne. Dotalls of 
the setup have boen given in reference 1. The Inlet-air tempera- 
tures were measured previous to tho injection of the fuel. At 
the throe spoods, the follovlRg inlet-air temperutiures wore 
tested (fig. 1); 



ilnglno 


High-speed 


Low- speed 


speed 


suporchargor 


suporcbarger 


(i-pm) 




(°F) 


1''00 


200 


160 


2100 


2£:0 


IQO 


2500 


310 


■ ' 220 



In t'lie ccmputatlons to detemlno the appropriate inlet-air 
ten^o-atiu'os, nr conslder-ati^n vas given to tho offeot of fuol 
vapcx'lzatlcn durijig the superr.harglr.g process. The final estimated 
mlxtxuTO temqporature is probably not appreciably affected by neclect- 
ing this offoot of fuol vaporization. Either of two oondlticbs 
might be assumed; (1) Vaporleatlcn is ccaupleted before the air 
enters tho super choi'gor, or (2) vaporization Is complotod aftor 
the air has passed through the suporchargor. The coz*roct final 
mixture tomporaturo will lie somovrhero between these two extrames. 

Estlmatos of the effoot of tho two conditions assumed for 
the high-spoed super ohoi-ger operating at an engine spood of 2500 
rpm are that the final mixture temperature undor ccziditlon (l) for 
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complete vaporization of the fuel Is approzlnately 250° V. 
Dstlmatea inade of the final mixture temperature with cooiplete 
vaporization of the fuel under condition (2) give a value of 
appraxlmately 260° F. 

Actually, the time of complete vaporization of the fuel Is 
unlcaovn. The data as presented In the present report prohahly 
represent mixture temperatures somevhat low for the assumed 
supercharger condltlonsj that is. In caEqjarlson with service 
conditions the data are repz-esentatlve oi' a sizpercharser effi- 
ciency Bonewhat higher than the 72 percent assumed. This fact 
vlll not affect the conclvjEilons hcitjed on the test results. 
For the other ouperohargor condltloiiS assuinod, the tomperature 
differential ^etveon conditions (l) and (2) vlll, of course, 
he less. 



TEST ETSSULTS 

C'TTves showing the relation "betwoen fuel flov In poiuids 
pe-f- hoiu? and the maximum pemlsolhle air flew In pounds per honr 
are presented In flgu:"os 2 arid 3, This laetliod cf presenting the 
data has been dlscussod In reference 2. Analysis at this labora- 
tory has ohovn that data presented In this manner Introduce fower 
possible errors than data presented In the conventional form of 
fuel-air ratio against mazlnum penoisslble Indicated mean effec- 
tive pressure. The iivlicatod-mrjan-e'foct.' ve-pressure data will 
be presented later in the report. 

Undej' the low- speed- supercharger conditions, as the engine 
apood Is Incr-eased the maximum penalsslble air quantity Inducted 
at an^'- given fuol flow incroaaes for fuel-air lutloa in exceas 
of about 0.0G4 and docreasoo for fuel- air ratloa below thia 
value. The curves aro presented by a sorlos of straight linos. 
For the high- speed- super uljarger conditions, a singlo straight 
lino roprosents tho data for the three speeds at fuel-air ratios 
less than 0.065. At lurgor fuol-alr ratios tho points separate 
and give, in general, curves of inoraasing slope as tho engine 
spood is Increasod. Chock points aro shown for the i^un at 
2100 rpm. 

Figuros 4 and 5 show tlie roldtion between tho Inlot proo- 
Buro and tho air quantity inducted. For each speod a single 
straight line can be drawn thi-ough tho points rogardloss of 
tho fuel-air ratio. 
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The data for Indicated epeolflo fuel oonBUiiq^lan are pre- 
sented In figure 6. A single curve has been drawn to ^present 
bH the ezperlmental points. At 1700 rjm, peirtlculeLrly In the 
lean region, the exporlmontal data shov hlgtier fuel consiTmptlons 
than that expressed by the curve. The avere^e curve for Indi- 
cated specific fuel oonsumptlon, together vith the average curve 
for Indicated spoolflo air ornsumptlan^ Is presented In figure 7. 

Based on the data In figure 7 the performance chart In f Iq- 
lure 8 la ccnstruoted to show tlie relation between fuel flow, air 
dflow, fiiel-alr ratio, and Indicated horsepower. A superjinposltion 
of the curves In figures 2 and 3 on the curves In figure 6 dst er- 
mines figures 9 and 10. These figures represent the performance 
of the current lOO-octpne-nuaiber aviation gasolines under the as- 
sumed supei-charged ccndltlons. 

Reference to figure 9 sho'fs that the maximum Indicated horse- 
power (point Y) is 152. In the present unalysls this value will 
be considered as the ta!ce-off horsopOT/er for the cylinder with 
either the hlgh-opeod or the lov-speod supercharger. The rated 
horsepower is conalderod to be G7.E porcont of this value, or 
133 indicated horsepower. Tiio loiock-llmit curve at 2500 rpm 
Intorsocts tho curve for 133 Indicared horsepower at point V. 
Point X repreoenta the oRtiraatod knock limit for tho ratod horse- 
power at 2300 rpm. It is noted tlint at 2100 rpm the knock-limit 
curve nevei- roaches the vEiliie of 133 indicated horscpoxrer. Cruising 
hcraepower is conalderod to Le rs percent of tho take-off value, or 
84 horsepcwor, Tho knoc^c-llmlt cmtvob for tho throe speods Inter- 
sect the 84-horsopower line at points Q, B, and S, raspoctively, 
at fuel -air ratios (jroator than 0.065, In tho lean region tho 
knock-llalt oiTrve for the three speeds again Intersects the horse- 
power curve at point T, U, V. Tho porfoznanco data for tiie points 
dlscusBod are given in table I. 

Throughout this analysis, all points designated by letters 
of tho alphabet from point G through point Y will represent 
tho sams set of conditions, regEurdless of the figure on which tho 
points appear. 

With the same valiios for take-off, ratod, and cruising horse- 
power, it is soon that, for tho low-spood supercliarger, take-off 
pOTfor is reached at pclnb F (fig. IC) and rated power Is reached 
at points H, IT, and 0 for spoods of 2300, 2300, and 2100 rpm, 
respectively. The cruising horsepower Is below the knock-limit 
ciuTves except for the vertex of the curve at 1700 rpn. Two cruising 
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candltlons vll.l be confildsrod; one at a fuel-air ratio of 0.060 
(point G,H,I) ancl the other at a fuel-air ratio of 0,051 (point 
J,K,L). It is appreciated that a fuel-air ratio of 0,051 Is not 
practical heoauee of uneven dletrlhution in a multlcyllnder engine, 
vhioh results In one cr more cylinders cutting out; hut it Is In- 
cluded for the sake of ccDiparison with the previous figure. 

T}ie data for the foregoing points are also tabulated in 
table I, A comparison of the lov-speod and the hlpji-spoed super- 
chaL*gor conditions shoTrs that, cruising at a fuel-air ratio of 
not leas than O.OGO at 1700 i-pn, the Halting fuel conaumption 
^Ath a high-speed supercharger is 0.4S pound per indicated horsepover- 
bour as agalnut 0.36 pound per indicated horsepower-hour for the lov- 
epeed supercharger. It is also seen that there la no adveLntase from 
the standpoint of funl consumption in cruising below a fuel-air 
ratio of 0.060. There is a dlBadrantage in tliat for lower fuel- 
air ratios a higher manifold pressure is required , as la shovn by 
cociparJjig the inlet pressures for point J^K^L with those for 
point G,H,I. 

For rated power ut 2300 rpm with a higli- speed supercharger, 
a fuel-air ratio of 0.106 1b required} vhereas, with the lov-spoed 
supercharger, the fuel-air ratio ajay be decreased to 0.08 with a 
correspond Ir^ decrease In the specific fuel consumption. With the 
high-speed Buporcharger, take-off requires a fuel-air ratio of 
0.112; whereas, with the low-speed supercharger, this ratio is 
decreased to 0.083. It ia also noted that tho maximum peirstlssi-le 
Indicated h.->rsepowor irlth a lo'./'- speed s-iporcharger is 174 (point 
Z, fig. 10). 

Fig'U'eo 11 and 12 pi-esent the aetrlmum ro?misBlble Indicated 
moan olfootlve prossui-e eipreoaed as a f ruction of tlie fuel-air 
ratio. Tho cuTeo in the left-hand half of tho flg-u:>e arc con- 
structed fT-om the previous pei'fornemce charts. On tho right-hand 
side the same ourves ojre shown in coctparison with the experimental 
data. At 1700 with tho low- speed supercharger, tho curves are 
above tho oipevlmontal points in the loan region. At a fuel-air 
ratio of 0.060 tho curve lo approximately 5 percent high. With 
tho high-spoed superohrii'cor tho curve of indicated mean effective 
proBsura at 1700 rpm lies above the experimental points in both 
tlis lean and rich regions. The deviation Is probably allowable 
for the prosont analyslo, and the assumption that the oujrvos 
represent the actual conditions is Justified by the etmpllfioa- 
tlcn of the exporimenteil data. 
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Tn flguroa 13 and 14 the curves of air quantity Induct ecL as 
a function of Inlet-air pressure are reproduced with the perfoxm- 
anoe points prevlouflly preeented. Curves are also constructed 
representing' the supercharger llmlta at sea level , It la seen 
that at low speed, points I, L, and 0 lie outsiae the super- 
charger limit and consequently could not ho ohtalzxod. Point Z 
la also oonsiderehly outgldo the supercharger limit. For the 
high' speed supercharger all the ezperlTnental points lie vlthln 
the supercharger limit. 

Figure 15 presents a carhuretor^mlzture- control curve of 
fuel-air i^atlo against spoclflo air quantity In pounds per hour 
per cubic Inch of engine dlBpl:iceniont. The data from which this 
curve Is ostlmated wore ohta.lnod hy the Buroau of Aeronautics, 
Navy Department, with a PD-i;:B Stromhorg metering unit on the 
E-1830-66 engine. For application to tha present report, the 
Navy data voro scalod down for the G2C0 single cylinder and ad- 
justed until tlie fuel-air ratio of 0.10 in siutomatio rich -Has 
reached a-'; approxiuntoly the ussumod take-off powor of 0.752 
iiidicatod horuepovor per cubic inch. 

It ii3 rocofpiiEod that In Dorvice the fuel-air ratio at any 
epeclfic air flow ilocQ not romain ccnst-^t boccii^o the carburetor 
dres not fully omprnBato for cliai:.i';c in both Inlot-alr tcanpora- 
ture and inlot-alr proprurs. In tie prosont analjrsls the use of 
a single curvo to roprcccnt aubccncitlc rich or autotnatlc loan is 
Justified^ hiavovor^ bccaiiso tho principles to be studiod arc de- 
pondont upon tho f^^no-rul roidtiDn of Uio carburetor -control curve 
to the knocic-Hjul-c oar\'o of the fno!l , Although othor cirburotor 
and onglno cambination-j na/ Q'ivo mljrturo-control curvoo of botio- 
ft'hat different shapes from that given In figure 15, the genoral 
Rhape of tho mix. t^oro- control curve bacid on pcior output, to bo 
shown later, will not bo chang»3d. 

Figure 16 suitL'J up all tho data presented thus for for tho 
low-speed supercharger. Horizontal linos reprosont ttiko-off , 
rated, and cruising horoopowor. Solid curves present the knor,!c- 
llmlt data. Tlio full-throttlo-povor curves represent the powor 
realized for the maz'imum air flow from the supor charger; that is, 
they represent the intersection of tlie auporchargor limit cuirvo 
In figure 13 with the cuirves of air quantity Inducted against 
Inlet pressure for the three speeds. The carburetor automat lo 
rich and automatlo l3un curves ore oonstruotod from Infoimation 
based on the curvus of indicated specific air cansunptlon of fig- 
ure 7 and tho curve of figure 15. 
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Full throttle on the engine results In the power developed 
at point E or point F. Both points are belov the knock-limit 
curve at 2500 rpm and are at approximately the assunied take-off 
power. Consequently, taks-off can he made with the carburetor 
set for either automatic rich or autometlc lean. 

F-r i-ated horsepo^rer a fuel-air ratio of 0.074 Is required 
at zroo rpm (point M) or 0.08 at 2300 rpn (point N). The nli- 
txxre rati-* In either ar.tociatlc lean or autoniatlo rich at rated 
power lies to the right of these knock points at rated power. 

Cruising h'rsopoirer at 1700 rpm (point I) Is sllshtly 
below the kn-;ck oui-ve, F:ill-throttle operation at this speed 
would give incipient knock at 1700 rpm with the corbui-etor In 
automatic lean (point A), bvt the engine would not knock if 
the carburetor were In autcmatlo rich (point B), Full-throttle 
operation at LlOO rpm will result In llglit knock with the carbu- 
retor in automatic lean (point C) and in no knock wl.th the 
carburetor in automatic rich (point D). If s'lfficiont air were 
available to reach the fuel-air ratio for maximum permissible 
poirer at 2500 rpm, a fuel-air ratio of 0.107, the accampanylng 
lrJ.et pressure (point F') would be 4 Inches of mercury below 
the permissible inlet pressure (point Z), The carburetor- flow 
curve Inteirsects tte knoci-llmit curve at a fuel-air ratio of 
0.122 and an inlet proeiirj?o of 61 inches of msL-cury (point E'). 

Figure 17 shovrs Blxoilir data for the high-speed supercharger. 
Under thcine conditicns the cssucied carbiu.--otor chaz-acterlstice aro 
unsatlfsfactory. For Irijtance, take-off power Is reached In fulj. 
rich at point A, which 1b 5 Indies in excess of the pennlBsible 
knock-froo boost at this fuel-air ratio, point B. This mixture 
ratio at point A, G.iOl, '"e ccmpared with tho roqujlred mixture 
ratio of 0,112 (point Y) for Buppreaalon of knock at toko-off. 
Bated hcraepowor occurs at a fuol-alr ratio of 0.C33 with the 
carburetor In autoimtic rich; whereas, the fuol-alr mtloo in- 
quired to BupproBB knock aro 0,0S8 and 0.106 at 2500 and 2300 
iTsn, respectively (points >J and Z). Tho automatic- rich carbu- 
reter cur\-e Intorseots cruise loorsoprwer at a fuol-alr ratio of 
0.073, which Is in eicesa of the required mixture ratio at 2500 
rpm (point Q) bi:t is bro lean tr suppj-osB knock at either 2100 
or 1700 iim (points E and S). 

If tho carburetor woro Hot for automatic loon for cruising 
at 1700 rpm (p^lnt D), tho inlot pisHsuro would bo 8 inches 
above tho mmlnum peimistflbla Inlob pressure for knock- free 



9 



operation at 1700 rpm (point B), If the carburetor were leaned 
manually to point V, knock vould "be Buppressed and cruialng 
horsepcwar vould be malntalnod. Again, It Is empliaslced that 
tMB lean mixture - ratio of 0. 51 cannot be used in preeenb-day 
engines. Baook at point D oould also be suppressed by leaning 
manually to point D' and maintaining the air throttle oonBta&t 
or by oJ.oBlng the throttle to point F at 31 Inches of maroury. 
Both of these prooessds vould cause a decrease in the cruise 
horsepover. 

lb is seen that under these simulated conditions of operation 
vlth a high-speed supercharger the engine is nearly alvEiys operat- 
ing under knocking conditions. These knocking cooadltlaDs vould 
probably be severe enough to damage the engine. 

CcnQarisons of figures 16 and 17 emphasize the l^ortance 
of Increasing the superoheurger efficiency, of using a tvo-speed 
supercharger, or of installing interooolers to decreaat the teiar- 
porature of the supercharged air. Data such as axe presented, in 
this report, although they do not present the knock ratings of 
the fuels, do present a method of estimating the suitability of 
a given fuel for flight under service conditions. Knocking 
chai'acteristicB of the fuel should bo considered as unsatisfactory 
unless, for the operating range, tlio knock-limit curves alvoys llo 
above the carburotor-mlxtiire-chajxicteristlcs curve. 

It Is noted that, if the aut-.^!iiatlc carburetor is to permit 
operation at fuel-air latios as loan as 0,060 at about 50 per- 
cent of take-rff powo-*', knock und=}.v ocmo conditions of operation 
will be very dlfflouLt to eliminate because of the negative slope 
of the knock-limit curve at this fuel-air ratio. It is probable 
that, f-^r lang-distoncw cruising, the most officlont means of 
operation will be tc permit manual loaning of the carburetor to 
obtain reasonably high orulslng horsepover at the minimum specific 
fuel consumption. 

Throughout this analysis all data have been considered on 
an indicated basis. It is rocognlzed that the mechanical effi- 
ciency of the comploto engine is not a constant and that in 
applying this method of analysis to full-scale onginos, suitable 
corrections for this mechaniceLL efficiency have to be made. 

The analysis considered thus far has been basod on sea-level 
condltloas. In flgiu*e 18 are presented atmospheric ton^eratures 
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emd preBQuroB as a function of altitude for Airruy standai^ air. 
There are also prenented correBpondlng Buperoliargli:i6-ou.tlet 
teaiperaturea azid preaeures for the high-speed supercharger. 
Curve 2 Dhows that, for .the high-speed supercharger, the .tgmpera- 
tuares assumed for the lov-epeod supercharger apply at altitudes 
of 18j400, 15,100, and 10,200 feeb at engine speede of SiSOO, 2100, 
end 1700 rpm, reopeotivsly. In these data, conElderatiou of the 
effects of compression of the air In the Inlet scoop as a result 
of the alirplace velocity are not considered. Xn the application 
of the lov-epeed supercharger knock-limit cui'ves to the hlgli- 
speed Bupercl^rger fo.L> the altitudes Jiist gl^en, the effect of 
the decreased IxLck pressiu-e on the Imoclc llolt Is neglected.. 



co:j:cLUf3iojis 

1. The data presented In this report show that with cur- 
rent aviation fiu^ls ktLCCk way he a more serlcus factor under 
cruise than '.mdor take-off conditions If the engine Is to "bo 
oj-erated at fuel -all- ratios of COCO or lesd and at speeds of 
approximately 70 pei-cont of talr(-.-off speed. 

2. The data el so Indicate tii^.t In engines vhlch employ 
a Blngle-utago hlgih-speed. superotairtTor without aftercooler, 
knock may heccme aerloi-s at nea-level conditions and at altitude 
cojaflitlons up to several thov^fiand feet. This kiiook, particularly 
at altitude, can ho eliaitnatod through lowrln-j of the chartio 
temperature or Inci-easlng the antiknock properties of the fuel, 

3t The data tndicato that, hocause of tho roletlun of tho 
carhuretor-mlxtui-e-control ciurve to the knock- ''.Imlt caves, it 
vlll he very rllffloult to craise at fuel -air ritios of 0.060 or 
leee without knock unloss a manual control is supplied on tho 
carhurotor to peimlt leaning to the ahovo-rwntloned fuel-air 
i^tio. 



Aircraft Englrjo Ilesoarch Lahoratory, 

Hatlonal Advl-sory Conanlttoo for Aeronautics, 
Cleveland, Ohio. 



APFEKDIX 

ESrit4ATI0N. OQg' , SUFESlGOflAZKaiB OOTLST 
TIS4PBRA.TnKES AND EEQSSOPES 
From the conventional centrifugal supercharger equations: 
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^2 - Tl) 



In vhlch 



U 



specific heat of air at constant pressure, 0,241 B"!u per 
pound per °F 

specific heat of air it oonrtant Tcl-uma 

ratio of specific heats, Cp/c^ = 1,394 

temperature of inlet air to ouperclairaer, 9F absolute 

tenrperature of outlet air from suporciiarger, ?F ahaolute 

pressui'e of inlet air to superchaiTQor, inches of rx>rour7 
absolute 

pressure of outlet air from supoj-cloai^ger, inches of 
moroury absolute 

Buperciiarger adlabatic efficiency, assumed to be 0.72 

factor p-^opoi-tional to supei-charger or engine speed, 
U = 1.0 at maximum, engine speed 



Pi 



= 2.55 



12 



T-^ a r60° F aba, (100° ?) 

Siibotl-tutlon In equation (1) gives: 

Tg - Tj^ B 211° F 

Tg = 771° F abs, (311° F) 

Values of To - T]. at engine Bpeola frcm 1500 to 2500 rpm 
are cociriuted from propoi-tionallty (2) wltli (Tg - T^^) b 211° P 

and IT B 1,0 at 2500 cngirie rpa, Subetlbutlon of the eatLcated 
values cf T,^ - Tj^ at each engine speed in eq,uatlon (1) deter- 
mlnoB the pressure ratio at each engine speed. 

Tlie low-cpeed s'lTperchar^er Is assitmed to tvm at 0,75 the 
speed of the hlg'a-spead Bupo?rc;ha2-eer. At U =» 0.75 i\->r the 
hlgh-apoed siiperoha-'Ger, To - Ti = 220° F and ^2 , 

Pi 

which a-e tho values for the low- speed s'-jpereL-arger at U = 1.0. 
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TABLE I 

RELATION BETWEEN ENGINE SPEED AND OPERATING 
CONDITIONS A3 LIMITED BY KNOCK 



Engine 

speed 

(rpm) 


imep 
(Ib/eq m. ) 


High-speed supercharger 


Low-speed euperenarger 


Symbol 


P 

•*© 


P/A 


Isfo 
(Ib/hp-hr) 


Inlet 
pressure 
(in.Hg abe. } 


Symbol 


P 

Po 


P/A 


isfo 
(Ib/hp-hr) 


inlet 
pressure 
(In.Hg abs. ) 


Cruising 6i\- Ihp; 0.i|15 ihp/ou in. 


2500 
2100 
1700 
2500 
2100 
1700 


132 

157 

191^ 
132 

157 


R 

S 
T 

U 
V 


0.73 
.86 

1.07 
.87 
1.03 
1.26 


0.070 

.071^ 
.076 
.051 
.051 
.051 


0.39 

.in 

.1^2 
.36 
.36 
.36 


30.0 

32.5 
37.5 
37.0 


0 
M 
I 

J 

K 
L 


0.82 
.9k 
1.16 

.95 
1.09 
1.29 


*'p.o6o 

£.060 
^.060 

".051 


0.36 
.36 
.36 
.36 
.36 
.36 


30.0 

32.5 
38.5 

34.5 
37.0 

; 43.0 


Rated 133 ihp; 0.658 ihp/eu in. 


2500 
2300 
2100 


209 
227 


w 

X 


i.n 

ai.24 


0.09s 
a. 106 


0.56 
.65 


1^6.5 


M 
N 
0 


»1.23 
1.36 


0.075 

a. 080 
.08^ 


0.42 
.»^7 


42.0 

45.5 


Take-off 152 ihp; 0.752 Ihp/cu in. 


2500 


238 


Y 


1.35 


0.112 


0.71 


56.0 


P 


1.30 


0.086 


0.48 


; 47.5 



^Estimated. 

"Below knock limit. 
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1750 2000 
Engine speed, rpm 

Figure I. - Relation between engine speed and estimated supercharger 

performance characteristics. Assumed inlet-air temperature 
to supercharger, 100° F; assumed supercharged adiabatic efficiency, 
0.72; effect of fuel vaporization on supercharger performance is 
neglected. 




Fuel flow, Ib/hr 



Figure 2. - Knock-limit curves for current I OO-ootane-number aviation gasoline. Wright I820-G-200 cylinder; spark advance, m 
20° B.T.C.; cooling-air pressure drop across ooirling, 20 inches HoO; cooling-air temperature, 125° P; oil-in temperature 
\'/Q - 180° F; compression ratio. 7.0. 




Fuel floir, Ib/hr 7 
Figure 3. - Knook-limit curves for current I OO-octane-number aviation gasoline. Wright I820-G-200 cylinder; ' spark advance, „ 
20° B.T.C.; cooling-air pressure drop across cowling, 20 inches H2O; cooling-air temperature, 125° F; oil-in temperature, 
180 - 185° F; compression ratio, 7.0. 
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4001 1 1 1 1 1 1 1 1 1 I 

35 40 45 50 55 60 

Inlet-air pressure, in. Hg abs . 

Figure 4. - Relation between inlet-air pressure and air quantity inducted. 

Wright I820-G-260 cylinder; spark advance, 20° B.T.C.; opoling- 
air pressure drop across cowling, 20 inches H2O; cooling-air temperature, 
125° F; oil-in temperature, 170 - 180° F; compression ratio, 7.0. 
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Inlet-air pressure, in. Hg abs. 

Figure 5. - Relation between inlet-air pressure and air quantity inducted. Wright I820-G-200 cylinder; spark advance, 

20° B.T.C.; cooling-air pressure drop across cowling, 20 inches HnO; cooling-air temperature, 125° F; oil-in tempera- 
ture, 180 - 185° F; oompression ratio, 7.0. 
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fuel-air ratio 

Figure 6. - Relation between fuel-air ratio and indicated specific fuel consumption. 
Wright I820-G-200 cylinder; spark advance, 20° B.T.C.; cooling-air pressure drop 
across cowling, 20 inches H2O; cooling-air temperature, 125° P; oil-in temperature, 
170 - I8b° F; compression ratio, 7.0. 
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Figure 7. - Relation between fuel-air ratio and average indicated specific fuel and air consumptions, 

Wright I820-G-200 cylinder; spark advance, 20" B.T.C.; cooling-air pressure drop across 
cowling, 20 inches H2O; cooling-air temperature, 126° F; oil-in temperature, 170 - 185° F; I 
compression ratio, 7.0. 




Fuel floYf, Ib/hr 

Figure 8. - Performance chart shoiring relation between fuel-air ratio and indicated horsepover and rate of fuel floir and air 
flow to the cylinder. Wright I320-G-200 cylinder; spark advance, 20° B.T.C. ; cooling-air pressure drop across cowling, 
20 inches HgO; cooling-air temperature, 125° P; oil-in temperature, 170 - 135° F; compression ratio, 7.0. 




Fuel flow, Ib/hr 

Figure 9. - Performance chart for single-cylinder test engine using current I OO-ootane-number aviation gasoline. Wright 

I820-G-200 cylinder; spark advance, 20° B.T.C.; cooling-air pressure drop across oowling, 20 inches H2O; oooling-air " 

temperature, 125° F; oil-in temperature, 170 - 185° F; compression ratio, 7.0. 




Fuel flow, Ib/hr 

Figure 10. - Performance chart for single-cylinder test engine using current lOO-ootane-number aviation gasoline. Wright 
I820-G-200 cylinder; spark advance, 20° B.T.C.; cooling-air pressure drop across ooirling. 20 inches H2O; oooling-air 
temperature, 125° F; oil-in temperature, 170 - 180° F; compression ratio, 7.0. 
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Fuel-air ratio 

Figure . I I . - Relation. between fuel -air ratio and maxlmuD permissible indicated mean 
effective pressure for assumed inlet-air temperatures at three different engine 
speeds. Wright 1820-G-200 cylinder; spark advance, 20° B.T.C.; cooling-air 
pressure drop across cowling, 20 inches HgO; cooling-air temperature, -125° F; oil- 
in temperature. 170 - 180° F; compression ratio. 7.0. 
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Puel-air ratio 

Figure 12. - Relation . between fuel-air ratio and maximum permissible indicated mean 
effective pressure for assumed inlet-air temperatures at three different engine 
speeds. Wright 1820-G-200 cylinder; spark advance, 20° B.T.C.; oooling-air 
pressure drop across cowling, 20 inches H2O; cooling-air temperature, 125° P; 
oil-in temperature, 170 - 185° P; oomprossion ratio, 7.0. 
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Inlet-air pressure, in. Hg abs. 

Figure 13. - Performance chart for cylinder as limited ity knock or by supercharger capacity. Wright I820-G-200 cylinder; 
spark advance, 20° B.T.C.; cooling-air pressure drop across cowling, 20 inches H2O; cooling-air temperature, 125° F; 
oil-in temperature, 170 - 180° P; compression ratio, 7.0. 




Inlet-air pressure, in. flg abs. 

Figure 14. - Performance chart for cylinder as limited by knock or by supercharger capacity. Wright I820-G-200 cylinder; 

spark advance, 20° B. T.C. ; cooling-air pressure drop across cowling, 20 inches E.2O; cooling-air temperature, 125° P; 

oil-in temperature, 170 - 180° F; compression ratio, 7.0. 



NACA 



Fig. 15 




KACA 



Fig. 16 



- 


1 M 1 


1 1 1 1 


1 1 1 1 


1 1 1 1 
























■ 


- 


































- 


































- 
































■ 


■ 
































- 













































Knoc] 
Capb\ 


: llai: 
iretoi 


,t 

' nlxi 


ura < 


ontrt 


1 




Katl< 


nal k 

tor i 


dTla( 

eroni 


ry C< 

utlci 


is&lt^ 


ee 














*ie-i 


lewer 


















■ 










Low-i 


peed 


aupe: 


■char, 


:er 








i 












-.9 




























'-^--^ 


ee n 


in 

- 












T« 


ke-of 


f 










" I 


ft 


■3-" 






- 


-.7 
















y' 
— ^ — 


■ 


-* 


9* 










- 




y 
/ 

/ 










1/ • 

C. 1 






/ 








2lbD> 


jTpm 


2500 




-.6 


/ 






— 




— 


y 


• X 
■)/ 


---- 














ln.H( 
















— -r- 
/ 

/ 






















2: 






/ / 


/ 


/ 

/ 

/ 
















^-^c — 


\ 


tlOO ] 
3.5 : 


'pm . 
n.Hg: 


















/ 

/ 




/ ^ 


















■ 170< 


1 rpnc 


- J, 


V T 










Cru 


Lse 






























— ^- 





















/ 
/ 




/ 

-I — 


















• 170( 

-iiJ 


iTpai 


m 


-.1 


Aut 


inatl 


/ 

. 1 

' 1 




1 

lAut 


>matl 


s rlc 


\ 


















• 






Inlet pressure 
(In. Hg aba.) 






3 


»MI — 


1 
1 
\ 




-i 

1 

\ 












^>>Meed 
Point 


1700 


2100 


2500 


-.s 






\ 

\ 

N, 




\ 

\ 

\ 










A 


,B 

.0 

,P 
f 

1 


37.5 


31.5 
43.0 


29.0 
40.0 
49.5 
54.0 
58.0 
61.0 










\ 

\ 


\ 


'\ 






C 
E 
P 


- 


-.1 








N 


- 


\ 

. v 

N 






Z 
B 










































- 


-ft If 


'Sill 




^^^^ 


■ 1 . ^ 


7... 


i ■ ■ ^ 




■ I I ^ 




1 1 ■ r 


-P. .. 


...r 




. . . r 




MM 



Figure 16 . - Relation between knoek-llalt perfonaance of fuel and superobarger and 
earburetor-«lzture>eontrol eharaetarlatlcs expresaed In terma of Indicated apaelfle 
boraepower aa a funetlon of fuel-alr ratio for a current 100 -octane-number aviation 
gaaollna . 
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Trnt-rmlr ratio 

Figure 17 . - Hclatlon b«twa«n knoek~lialfc parfenMuie* of fual and auparobargar and 
carbiirstor-mlxtura'-eontrol eharaetorlatlat axproaaad In tarms of Indleatad apaelflc 
horaepowar as a ftme'tlon of fual-alr ratio for a currant 100<K>etaBa»nuaibar aTiation 
gaaoline . 
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Altitude. 1000 ft 

Flgura 18. - Bffaet of altitude on condition of air at supercharger outlet. Hlgh- 
■peed auparebarger. 
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